Historic,  archived  document 


Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


ECONOMICS  OF-  WATER 
QUALITY  IN  AGRICULTURE 
A  LITERATURE  REVIEW 


Clayton  W.  Ogg 
Lee  A.  Christensen 
Ralph  E.  Heimlich 


U.S.  Department  of  Agriculture 
Economics,  Statistics,  and  Cooperatives  Service 

ESCS-58 


BIBLJOCRAFMIC  DATA       1.  Report  No.  2. 
SHEET  ESCS-58 

3.  Recipient's  Accession  No. 

4.  Title  and  Subtitle 

ECONOMICS  OF  WATER  QUALITY  IN  AGRICULTURE— A  LITERATURE 
REVIEW 

S.  Report  Date 

July  1979 

4. 

7.  Author(3) 

Clayton  W.  Ogg,  Lee  A,  Christensen,  and  Ralph  E,  Heimlich 

8.  Perfonning  Organization  Rept. 

N**'  ESCS-58 

9.  Performing  Organization  Name  and  Address 

Natural  Resource  Economics  Division 
Economics,  Statistics,  ^nd  Cooperatives  Service 
U.S.  Department  of  Agriculture 
Washington,  D.C.  20250 

10.  Project/Task/ WorK  Unit  No. 

11.  OoQtract/Orant  No* 

12.  Spoosoring  Organization  Name  and  Address 

13.  Type  of  Report  3i  Period 
Covered 

Final 

14. 

15.  Supplementary  Notes 


16.  Abstracts 


This  review  describes  studies  in  several  disciplines  which  contribute  to  understanding 
economic  Impacts  of  reducing  nonpoint  pollution.  Cost  studies  reviewed  deal  with  con- 
trolling soil  erosion,  nutrient  losses,  and  pesticide  losses.  Other  studies  reviewed 
suggest  where  and  how  widely  control  practices  may  be  needed.  One  area  in  need  of  re- 
search concerns  the  relationships  between  erosion  reduction  and  the  delivery  of  sediment 
and  chemicals  to  streams.  Research  is  also  needed  on  the  benefits  of  pollution  reduc- 
tion. 


17.  Key  Words  and  Document  Analysis.    17a.  Oesctipcors 

Economic  analysis 
Erosion 
Expenses 
Pesticides 
Pollution 
Sedimentation 
Soil  erosion 
Water  pollution 
Water  quality 


17t».  Ulentif iers/Open-Ended  Terms 

Control  practices 
Nonpoint  pollution 
Nutrient  losses 
Pesticide  delivery 


17e.  c:OSATI  Field  Group    02— C     13— B 


18.  Availability  Statement     Available  from: 
NATIONAL  TECHNICAL  INFORMATION  SERVICE,  5285  Port 
Royal  Road,  Springfield,  Va.  22161 

19.- Security  Class  (This 
Report) 

U^fC^VSSIFIED 

21.  No.  of  Pages 

20.  Security  Class  (Thi;> 
Page 

UNCLASSIFIED 

22.  Price 

POUM  NTis-aa  (REV.  lO-Tst     ENDORSED  BY  ANSI  AND  UNESCO.  THIS  FORM  MAY  BE  REPRODUCED  uscomm-oc  azoa-PTi 


Washington,  D.C.  20250 


July  1979 


PREFACE 


This  review  was  done  as  background  for  ongoing  research  on  the  socioeco- 
nomic impacts  of  practices  to  reduce  water  pollution  from  agricultural  sources. 
A  wide  range  of  studies  from  various  disciplines  are  referenced,  since  economic 
studies  must  rely  on  physical  production,  biological  and  hydrologic  relation- 
ships, as  well  as  economic  and  social  interactions.     Because  of  the  variety  and 
number  of  studies,  the  authors  do  not  claim  to  fully  appreciate  the  relative 
importance  of  each.     Some  of  the  most  significant  works  from  the  standpoint  of 
a  particular  discipline  may  have  been  overlooked.     Even  so,  the  authors  hope 
this  review  identifies  some  of  the  major  issues  and  relationships  and  will 
prove  useful  to  others  in  conducting  economic  analyses  and  developing  informa- 
tion for  policymakers. 
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Economics  of  Water  Quality  in  Agriculture 


—  A  Literature  Review 


Clayton  W.  Ogg,  Lee  A.  Christensen,  and  Ralph  E.  Heimlich* 


INTRODUCTION 

Economists  often  rely  on  physical  production  relationships  from  engineers 
and  physical  scientists  to  formulate  economic  relationships  for  public  deci- 
sionmakers.    Incomplete  knowledge  of  certain  physical  relationships  can  there- 
fore limit  economic  analysis  concerning  management  systems  for  reducing  diffuse 
agricultural  sources  of  pollution.     Such  nonpoint  pollutants  include  pesticides 
and  nutrients  which  are  transformed  in  ways  that  are  highly  dependent  on  inter- 
acting influences  of  soils,  weather,  and  hydrologic  parameters,  as  well  as 
farming  practices.     In  turn,  stream  and  lake  characteristics  affect  the  trans- 
port of  sediment  and  other  pollutants  and  the  way  these  pollutants  affect 
bodies  of  water.     Finally,  the  public ^s  perception  of  pollution  damage  is  an 
important  aspect  of  the  social  impact.     Research  on  each  of  these  problems  is 
highly  relevant  to  assessment  of  economic  impacts  of  nonpoint  pollution  abate- 
ment . 

In  the  past  few  years,  scientists  and  engineers  have  produced  a  great 
many  studies  documenting  pollution  from  farmland  sources.    Most  of  these  esti- 
mate   cropland-related  contributions  to  measured  problems  in  a  particular 
reach  of  a  stream  or  lake.     Other  studies  develop  information  systems  which 
relate  measured  water  quality  problems  to  specific  crop  practices  with  their 
varying  impacts  on  water  quality. 

Studies  identified  in  this  report  will  assist  in  the  assessment  of  the 
costs  and  benefits  of  cleaning  rural  lakes  and  streams.     The  principal  purpose 
of  this  review  is  to  identify  some  of  the  major  issues  influencing  the  solution 
of  agricultural  nonpoint  pollution  problems.     In  particular,  the  report  empha- 
sizes the  relationship  between  technical  and  economic  factors.     It  seeks  to 
identify  what  is  known  about  the  economic  impacts  of  alternatives  for  solving 
pollution  problems  from  diverse  agricultural  sources,  and  to  indicate  the 
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limits  of  current  knowledge.     Areas  which  merit  further  effort  by  economists 
and  scientists  from  other  fields  are  also  discussed.     This  review  may  be  use- 
ful to  researchers  and  water  quality  planners  since  it  brings  together  several 
economic  considerations  critical  to  solving  pollution  problems. 

The  report  first  discusses  publications  which  estimate  local  farm-related 
pollution.     In  some  cases,  authors  compare  local  practices  with  hypothetically 
less  polluting  alternatives.     These  comparisons  apply  to  a  narrow  range  of 
soil  or  hydrologic  conditions.     This  area  of  study  primarily  raises  particular 
regional  problems  without  attempting  an  indepth  analysis  of  solution  impacts. 

There  are,  however,  a  number  of  modeling  efforts  which  relate  problems  to 
specific  practices  on  a  full  range  of  land  conditions.     Costs  of  various  man- 
agement practices  are  then  estimated  and  compared  with  the  associated  biolog- 
ical benefits.     Several  erosion  and  sedimentation  studies  in  particular  develop 
important  links  between  physical  and  economic  relationships. 

The  effects  of  pollutants  and  their  movement  through  streams,  estuaries, 
and  lakes  are  considered.    References  describe  dynamics  of  typical  stream  de- 
livery systems  and  impacts  on  different  sizes  and  types  of  receiving  waters. 
In  some  instances,  recommended  structural  or  biological  solutions  are  dis- 
cussed. 


LOCATING  POLLUTION  SOURCES 

Cost  estimates  for  nonpoint  pollution  reduction  usually  call  for  inputs 
from  several  disciplines.     Nutrient  and  pesticide  studies  reflect  this  diver- 
sity, providing  only  partial  information  for  drawing  economic  implications. 
For  instance,  numerous  studies  have  considered  important  nutrient  management 
alternatives  on  a  typical  local  soil.     However,  key  economic  questions  of  how 
these  practices  would  affect  potential  problems  and  yields  on  other  soil-slope 
combinations,  or  how  widely  they  would  be  applied,  are  generally  not  addressed. 

Discussion 

In  contrast,  the  studies  of  erosion  reduction  indicate  that  economic  im- 
pacts are  much  more  completely  understood,  partly  because  sediment  models 
build  on  decades  of  work  by  natural  scientists  and  engineers.     These  erosion 
studies  make  it  possible  to  compare  economic  and  environmental  effects  of  crop 
management  alternatives  applied  to  an  area's  specific  soil  acreages. 

Agricultural  Chemicals 

A  large  number  of  chemical  studies  attempt  to  prove  the  existence  or  ab- 
sence of  local  agricultural  pollution  problems,  either  from  stream  sampling 
systems  or  from  carefully  controlled  experiments  on  individual  plots.  Some- 
times researchers  were  able  to  locate  the  source  of  a  specific  lake  problem 
and  identify  a  fairly  simple  solution  to  the  nonpoint  problem  [a  good  example 
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is  a  study  by  the  Minnesota  Pollution  Control  Agency  (44)  ] .  1_/     In  a  few  cases, 
authors  found  that  local  agriculture  practices  were  relatively  harmless  in 
terms  of  nutrient  and  pesticide  contributions,  while  others  found  nutrient 
problems  that  appeared  virtually  unsolvable  (28,  35) . 

A  number  of  efforts  seek  to  identify  the  physical  effects  of  nutrient  man- 
agement alternatives  on  a  particular  soil  using  experimental  plots.     That  phos- 
phorus losses  can  be  reduced  by  methods  of  application  is  well  documented  by 
Timmons  (73) .     Nitrogen  losses  are  greatly  affected  by  the  timing  of  fertilizer 
applications  (8^,  38^,  48) . 

Other  studies  emphasize  the  diverse  levels  of  nutrient  losses,  which  de- 
pend on  the  soil  characteristics  within  each  region.  _2/     Gambrell,  Gilliam, 
and  Weed,  for  instance,  find  wide  variations  in  nitrate  loss  between  two  impor- 
tant soils  in  the  coastal  plain  of  North  Carolina  (24) . 

Since  experiments  obviously  cannot  be  repeated  for  every  field  situation, 
there  have  been  efforts  to  identify  parameters  which  determine  pollution  from 
nonpoint  sources.     Regression  analyses  by  Omernik  relating  the  most  general 
agricultural  variables  such  as  cropland  to  total  area  ratios  have  identified 
strong  relationships  between  the  amount  of  agricultural  land  and  each  region's 
pollution  from  other  than  point  sources  (49) .     Such  surveys  and  single  model- 
ing efforts  are  most  useful  in  identifying  large  regions  where  agriculture  is 
most  likely  to  be  affected  by  programs  aimed  at  cleaning  rural  lakes  and  rivers. 

There  are  projects  underway  to  simulate  specific  field  sources  of  pollu- 
tion by  developing  watershed  nutrient  models.     Nitrogen  models  pull  together 
basic  research  data  on  the  changes  that  nitrogen  undergoes  in  the  soil  and  in 
plant  residues  to  predict  the  amount  of  nitrogen  and  nitrates  reaching  streams. 
These  models  include,  for  example,  effects  of  soil  wetness  on  denitrif ication 
(65) ,  plant  uptake  under  different  concentrations  (77) ,  effects  of  temperature, 
and  direction  of  nitrate  movement  between  ground  water  and  surface  water  (24) . 
Early  conceptual  work  by  Bailey    and  others  (94) ,  and  pesticide  modeling  by 
Crawford  and  Donigian  laid  the  groundwork  for  the  comprehensive  agricultural 
runoff  model  by  Donigian  and  Crawford  (15 ,  17) .     Another  comprehensive  model 
relating  several  parameters  is  the  ACTMO  model  developed  by  Frere,  Onstad,  and 
Holtan  (22) .  3_/    Lack  of  parameters  representing  nutrient  and  pesticide  pollu- 
tion from  soils  of  differing  productivity  limits  applicability  for  economic 
analysis . 

Of  the  major  nutrient  modeling  efforts,  a  nitrate  model  developed  by 
William  Schaffer  provides  the  most  systematic  basis  for  analyzing  economic  im- 
pacts of  management  alternatives  (58) .    Yet  this  work  is  limited  to  a  rather 


1/  Underscored  numbers  in  parentheses  correspond  with  the  references  cited 
in  the  selected  bibliography. 

_2/  Studies  which  emphasize  drainage  practices  and  drainage  characteristics 
of  soils  are  referenced  on  page  5. 

3^/  References  in  this  section  include  many  sources  used  by  the  large  models. 
However,  *b.  number  of  equally  important  experiments,  primarily  of  interest  to 
specialists,  are  not  included  here. 
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narrow  range  of  management  alternatives  on  one  New  York  watershed.     Models  have 
not  yet  been  constructed  with  the  capacity  of  accurately  analyzing  the  inter- 
action of  management  practices  and  soil-hydrologic  relationships  for  any  repre- 
sentative area.     Until  these  relationships  are  established  for  soils  of  varying 
productivity,  economic  effects  of  nutrient  reductions  cannot  be  rigorously  es- 
timated. 


Enrichment  Ratios 

For  most  soils,  a  large  portion  of  the  total  phosphorus  in  runoff  is  ad- 
sorbed by  soil  and  carried  to  streams  with  the  eroding  particles.     One  approach 
to  analyzing  phosphorus  control  alternatives  is  to  estimate  how  much  phosphorus 
is  delivered  with  the  sediment.     This  is  the  approach  taken  by  Jacobs  and 
Schaffer  and  others  (30,  58) .     However,  nutrients  are  primarily  available  for 
algae  growth  in  their  dissolved  state;  even  for  phosphorus,  areas  which  produce 
large  amounts  of  nutrient  adhering  to  sediment  may  not  be  the  only  ones  which 
contribute  to  algae  growth  (53 ,  p.  323).     Reduced  tillage  management  alterna- 
tives recommended  for  sediment  problems  also  alter  nutrient  enrichment  ratios 
as  the  dissolved  phosphorus  losses  rapidly  increase  (34 ,  55 ,  59) . 

More  sophisticated  enrichment  studies  which  take  into  account  the  adsorp- 
tive  capacities  of  soils  under  different  practices  affecting  sediment  concen- 
trations in  runoff  are  needed.     Otherwise,  concentration  on  erosion  reduction 
may  divert  efforts  from  other  potential  management  practices  designed  specifi- 
cally for  agricultural  chemical  problems.     These  include  such  practices  as  con- 
trols on  the  amount  of  pesticides  or  nitrogen  fertilizer  or  manure  applied,  the 
method  of  phosphorus  application,  or  the  timing  of  nitrogen  application  (55 , 
p.   295).     Karr  and  Schlosser  argue  that  creating  buffer  zones  between  crop  lo- 
cations and  the  streams  deals  with  nutrient  problems  in  several  ways  and  pro- 
vides for  wildlife  and  environmental  needs  as  well  (31) . 

The  limited  nature  of  the  economic  literature  dealing  with  nutrient  and 
pesticide  problems  does  not  necessarily  indicate  that  solutions  are  going  to  be 
particularly  difficult  or  expensive.     If  nutrient  use  is  severely  reduced,  the 
conventional  wisdom  is  that  costs  will  be  considerable  (32 ,  71) .     Yet  prelimin- 
ary results  indicate  that  there  are  a  number  of  important  soil  situations  where 
proper  fertilizer  placement,  combined  with  modern  reduced  tillage  methods,  can 
significantly  reduce  phosphorus  loss  from  most  well-drained  soils  without  large 
cost  (36) .  4_/    Likewise,  soil  loss  management,  combined  with  proper  timing  and 
application  rates,  will  substantially  reduce  nitrogen  loss  (63) ,  possibly  at 
very  low  cost.     Bouldin  and  others  at  Cornell  even  argue  that  summer  sidedress 
applications  of  nitrogen  can  achieve  actual  profit  increases  while  reducing 
nitrogen  available  for  runoff  by  over  50  percent,  as  compared  to  fall  plowdown 
(8^,  38^).     This  is  supported  by  a  Missouri  study  by  Whitaker  and  associates  (80) » 
Although  rigorous  cost  information  is  scarce  for  many  soils  and  for  exacting 


4/  Again,  it  should  be  emphasized  that  there  are  heavy  or  wet  soils  where  no- 
till  does  not  produce  as  well,  plus  many  unknown  difficulties  such  as  with  man- 
agement, especially  for  small  farmers. 
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environmental  objectives,  real  gains  may  be  achieved  in  the  next  few  years  if 
available  fertilizer  management  practices  and  appropriate  reduced  tillage 
technologies  are  adopted. 

Pesticide  Monitoring 

Analogous  to  the  studies  for  nutrients  are  three  types  of  pesticide  moni- 
toring studies.     The  simplest  of  these  are  purely  descriptive  studies  which 
record  pesticide  residues  found  in  water  or  alluvial  sediments  in  a  particular 
area  (96)  .     More  generally  applicable  are  studies  which  derive  some  statisti- 
cal relationships  between  pesticide  concentrations  in  runoff  and  associated 
phenomena  such  as  sediment  yields  (94 ,  98 ,  99) .     Because  of  the  toxic  effects 
of  pesticides  and  their  tendency  to  accumulate  in  organic  tissues,  a  third 
kind  of  study  examines  these  effects  on  particular  species  (95)  or  for  all  or- 
ganisms in  a  certain  level  of  the  food  chain  (97) . 

Pollutants  from  Other  Nonpoint  Sources 

Surface  runoff  of  soil,  pesticides,  and  commercial  fertilizer  nutrients 
is  only  part  of  the  problem  in  many  areas  of  the  Northeast.     Several  studies 
emphasize  the  importance  of  ground  water  pollution,  manure  application,  tile 
drainage,  surface  drainage  of  former  swamps,  and  irrigation  return  flows. 
Management  alternatives  for  surface  runoff  often  do  not  apply,  and  new  tech- 
niques of  analysis  have  been  developed  for  each  of  these  problems.     For  in- 
stance, key  economic  variables  for  manure  handling  are  storage  costs  and  costs 
of  soil  incorporation  (115) .     Construction  of  drainage  outlets  themselves  be- 
comes an  issue  for  surface  drainage,  since  drainage  may  open  reservoirs  of  nu- 
trients (125 ,  128) .     Water  management  is  a  variable  unique  to  irrigated 
sources  (104) . 

Sediment  Sources 

Economic  analysis  of  erosion  and  sediment  control  has  developed  a  standard 
for  measuring  the  progress  of  other  nonpoint  pollution  analysis.  Wischmeier 
and  Smith's  Universal  Soil  Loss  Equation  (USLE)  is  now  widely  used  (in  revised 
form)  as  a  common  basis  for  identifying  pollution  problems  for  farm  conserva- 
tion planning  (142 ,  145) ,  and  has  been  adapted  for  economic  analysis.  Based 
on  initial  fallow  soil  loss  condition,  factors  for  rainfall,  soil  erodability, 
slope,  slope  length,  conservation  practices,  tillage,  and  crop  rotation  pro- 
vide soil  loss  estimates  for  a  typical  year.     If  used  correctly,  the  USLE  can 
be  used  for  regional  studies  as  it  is  for  individual  fields  (143) .     By  relat- 
ing soil  productivity  to  aggregated  soil  loss  for  selected  groups  of  soils, 
the  economic  effects  of  rather  detailed  soil-specific  conservation  recommenda- 
tions are  established.     Since  the  USLE  is  geared  to  describing  typical  yearly 
events,  it  is  particularly  well  suited  to  analyzing  the  broad  implications  of 
management  strategies.     Much  of  the  economic  analysis  of  nonpoint  pollution 
has  made  use  of  the  USLE. 
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The  major  weakness  of  using  the  USLE  in  pollution  studies  is  that  esti- 
mates are  for  soil  movement  on  the  field  and  do  not  indicate  how  much  of  the 
eroded  particles  reach  streams.     Techniques  for  indicating  delivery  of  sedi- 
ments to  streams  are  far  less  advanced  than  those  for  estimating  erosion.  A 
method  by  Roehl,  which  is  used  widely  (138)  ,  accounts  neither  for  variation  in 
delivery  rates  within  a  watershed  nor  for  the  effects  conservation  practices 
may  have  on  delivery  rates  (139) .     The  USLE,  however,  has  been  successfully 
adapted  to  provide  estimates  of  delivered  sediments,  using  an  equation  that 
requires  estimates  or  measurement  of  total  runoff  and  peak  flows  (141) . 
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ANALYZING  CONTROL  MEASURES  AND  THEIR  COSTS 
Discussion 

Economic  studies  of  soil  conservation  vary  considerably  in  terms  of  size, 
ranging  from  national  and  regional  linear  programming  models  to  studies  of  a 
single  watershed.     Between  the  watershed-size  study  and  the  regional  model  are 
river  basin  studies  which  are  often  large  enough  to  offer  limited  regional  im- 
plications . 

National  and  Regional  Models 

The  national  models  by  Wade  and  Heady  and  Nicol,  Heady,  and  Madsen  empha- 
size the  ability  of  U.S.   agriculture  to  adjust  to  a  common  set  of  environmental 
restrictions   (151 ,  148) .     Cost  increases  from  substantial  improvements  in  the 
environment  are  relatively  small  as  less  intensive  production  shifts  to  regions 
with  steep,  erosive  soils.     Limitations  of  the  national  model  are  clearly 
stated,  including  unresponsive  output  and  input  demands  and  the  approximate 
nature  of  the  soil  loss  estimates,  especially  from  the  standpoint  of  represent- 
ing regional  differences  in  potential  soil  losses.     One  could  also  argue  that 
a  common  national  sediment  reduction  goal  is  not  applicable  to  existing  legis- 
lation, which  calls  for  identifying  management  practices  on  a  regional  basis. 
A  national  model  may  exaggerate  the  willingness  of  regions  to  sacrifice  pro- 
duction to  achieve  a  more  uniform  national  water  quality. 

A  study  by  Taylor  and  Frohberg  uses  a  stepped  demand  curve  to  analyze  the 
cost  of  reducing  erosion  and  nitrogen  use  in  the  Corn  Belt  (149) .     I^ile  main- 
taining the  national  perspective,  emphasis  is  changed  from  regional  shifts  in 
the  location  of  production  to  the  overall  cost  of  alternative  sediment  reduc- 
tions.    This  cost  is  borne  by  consumers  since  farmers  benefit  from  farm  price 
increases  as  row  crop  production  is  reduced.     Since  less  interregional  substi- 
tution is  possible,  this  model  possibly  overestimates  the  Corn  Belt's  share  of 
costs  from  uniform,  national  restrictions. 
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Small  Area  Economic  Studies 


Watershed  linear  programming  models  have  the  advantage  over  national  and 
regional  models  of  providing  more  accurate  inputs  into  the  USLE  and  of  analyz- 
ing more  realistic  planning  alternatives.     The  problem  of  accurately  represent- 
ing farm  product  demands  for  the  smaller  study  area  still  exists,  however. 
Assuming  that  product  demands  met  by  other  areas  are  not  affected  by  nonpoint 
pollution  legislation  leads  to  shifts  in  intensive  production  and  its  pollution 
to  areas  outside  the  study  area  (162,  172) .     On  the  other  hand,  assuming  a 
fixed  farm  product  demand  for  a  watershed  size  area  (using  a  cost  minimization 
model)  is  hard  to  justify. 

River  basin  studies  generally  fall  between  the  watershed  and  the  national/ 
regional  studies.     Comprehensive  studies  of  the  major  river  basins  in  the  late 
sixties  and  early  seventies  encompass  some  of  the  major  crop-producing  areas  of 
the  Nation,    More  recent  studies,  such  as  the  USDA-State  cooperative  studies 
and  those  sponsored  by  the  Water  Resources  Council  cover  smaller  river  basins 
and  use  more  sophisticated  analytic  methods.    Most  of  these  studies  assume  a 
fixed  demand,  which  appears  justifiable  for  the  larger  basins. 

In  recent  years,  more  studies  have  included  estimates  of  changes  in  land 
use  and  farm  income  resulting  from  restrictions  on  soil  losses.  Obviously, 
production  "goals"  and  alternative  soil  loss  restrictions  may  not  be  compatible, 
but  once  this  limitation  of  model  assumptions  is  recognized,  cost  analysis  can 
provide  a  common  basis  for  208  planners  and  traditional  conservation  profes- 
sionals to  weigh  alternatives.     Cost  effective  practices  may  then  be  determined 
according  to  the  capabilities  of  each  soil  group  (153 ,  165 ,  174) . 

Several  authors  compare  costs  of  solving  a  local  pollution  problem  through 
nonstructural  management  strategies,  as  opposed  to  structural  solutions  such 
as  dredging.     According  to  estimates  by  Workman  and  Keith  (180) ,  land  treat- 
ment of  fragile  lands  in  the  Upper  Colorado  River  basin  yields  a  maximum  bene- 
fit-cost ratio  of  only  0.12.     But  for  an  Illinois  watershed,  Ouishi  and  Swanson 
found  that  farm  conservation  practices  represent  a  very  practical  alternative 
to  eventually  dredging  a  recreational  reservoir  (172) .     This  Illinois  linear 
programming  study  attempts  to  measure  tradeoffs  between  sediment  control  strat- 
egies and  nitrate  loss  restrictions.     Nitrate  losses  are  simplistically  related 
only  to  fertilizer  levels,  thus  ignoring  possible  effects  of  soil  conservation 
practices  on  nitrate  losses.     Another  Illinois  study  finds  that  individual  pro- 
ducers receive  very  modest  long-term  benefits  to  conservation  practices,  as 
compared  to  costs,  from  the  standpoint  of  maintaining  the  productivity  of  their 
land  (169) .     Conservation  is  thus  practical  for  the  public,  but  benefits  are 
largely  external  to  the  farm  firm. 

Cost  Sharing  and  Other  Implementation  Strategies 

According  to  economic  logic,  achieving  maximum  resource  allocation  effi- 
ciency requires  that  the  production  unit  bear  the  costs  of  reducing  pollution. 
Otherwise,  land  may  be  used  for  growing  crops  which  could  be  grown  much  more 
cheaply  in  another  location.     Failure  to  "internalize"  pollution  costs  may  also 
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lead  to  overinvestment  in  some  crops  and  underinvestment  in  pasture  or  crops 
which  cause  less  pollution  (182) . 

Concern  over  nonpoint  pollution  raises  the  question  of  whether  Federal 
programs  which  subsidize  conservation  practices  should  be  expanded.     Iowa,  one 
of  the  first  States  to  have  a  comprehensive  sediment  control  law,  bases  its 
enforcement  on  obtaining  cost  sharing  funds  (183) .     Other  States  are  likely  to 
follow  this  example.     Iowa's  Senator  Culver  proposed  additional  Federal  funding 
for  conservation  cost  sharing,  and  $400  million  dollars  per  year  has  been  des- 
ignated for  the  Rural  Clean  Water  Program  (RCWP)  by  1980. 

Administration  of  the  RCWP  will  determine  how  effectively  subsidies  will 
internalize  social  benefits  from  pollution  abatement  or  discourage  undesirable 
practices.     During  years  of  crop  surplus,  certain  subsidies  may  conflict  with 
programs  to  support  farm  income.     The  impact  of  each  subsidy  on  farm  income 
may  therefore  depend  on  market  conditions  which  vary  from  year  to  year. 

In  spite  of  their  superiority  from  a  theoretical  standpoint,  measures 
forcing  complete  cost  internalization  are  generally  hard  to  implement.  This 
review  previously  discussed  complexities  of  matching  management  tools  to  field 
situations.     For  enforcing  costly  restrictions,  legal  problems  can  thus  be 
anticipated  from  the  difficulty  of  proving  that  farm  management  practices  will 
lead  to  the  desired  improvement  in  water  quality  (186) . 

Among  control  measures,  those  requiring  uniform  reductions  in  effluent 
discharge  appear  the  simplest  to  administer.     However,   they  are  also  the  most 
inefficient  in  that  there  is  likely  to  be  no  equality  of  marginal  costs  among 
producers  and  no  equality  of  marginal  costs  and  benefits  of  compliance  (182) . 
Effluent  taxes,  while  more  efficient  than  uniform  reductions  in  pollutant  dis- 
charge, would  clearly  add  to  the  administrative  problems  already  stated,  and 
create  two  new  ones.     First,  they  may  add  a  tax  burden  to  the  pollution  abate- 
ment costs  (182) .     Second,  a  tax  will  likely  distort  the  intended  level  of  con- 
trol, since  it  is  difficult  to  select  the  optimum  tax.     Although  Ackerman  and 
associates  suggest  that  effluent  charges  are  much  more  precise  in  this  respect 
(152) ,  they  would  be  difficult  to  administrate  for  agriculture. 
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POLLUTION  DYNAMICS  IN  RURAL  LAKES,   STREAMS,  AND  ESTUARIES 


Discussion 

Studies  of  pollutant  delivery  through  streams  and  eventual  impacts  on 
lakes  and  estuaries  try  to  provide  a  link  between  agricultural  conservation 
systems  and  current  plans  for  achieving  specific  improvements  in  measured  water 
quality.     Although  a  number  of  studies  are  referenced,  the  link  between  onsite 
farm  management  practices  and  measurements  of  stream  water  quality  is  generally 
weak.     This  weakness  becomes  especially  evident  as  planners  attempt  to  locate 
sources  of  measured  pollution  problems  during  particular  storms. 

Stream  Modeling  and  Pollutant  Delivery 

Nitrogen  delivery  is  a  particularly  vexing  problem,  since  nitrogen  can 
change  forms  in  a  stream  as  well  as  disappear  from  the  water  system  through 
denitrif ication  and  atmosphere  N  fixation  (200) . 

Sediment  and  phosphorus  share  another  transport  problem:     phosphorus  is 
adsorbed  to  sediment  and  both  are  then  deposited  or  removed  from  the  bottom  of 
streams  depending  on  characteristics  of  streams  and  storms  (188,  197) .  This 
also  complicates  separating  the  nonpoint  contributions  from  point  sources  and 
bank  erosion.     To  develop  an  effective  cleanup  strategy  for  a  particular  lake 
or  estuary,  it  is  important  to  know  how  much  nutrient  or  sediment  loss  from 
fields  at  different  river  reaches  is  carried  to  the  target  area. 
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The  importance  of  transport  variables  also  will  vary,  depending  on  whether 
water  quality  objectives  emphasize  receiving  waters  or  include  improving 
streams  as  well.     Sediment,  for  instance,  causes  some  degree  of  damage  to  wild-' 
life  cover  in  streams  and  aggravates  flood  damage,  as  well  as  causing  damage  to 
receiving  lakes  and  reservoirs  (189) .     It  also  can  be  argued,  however,  that 
sediment  and  phosphorus  reaching  any  location  in  a  stream  system  are  available 
for  future  transport  to  problem  areas. 

One  way  of  reducing  the  cost  of  pollution  control  is  to  narrow  the  geo- 
graphic area  that  requires  stringent  control  measures.     Since  lakes  and  certain 
estuaries  are  most  easily  damaged  by  pollutants,  knowledge  of  transport  systems 
is  a  prerequisite  to  locating  and  controlling  contributing  sources. 

Pesticide  Impacts  and  Environmental  Exposure  Indices 

Given  the  number  of  pesticides  on  the  market,  there  is  an  added  challenge 
of  representing  typical  relationships  for  major  classes  of  pesticides.  The 
vast  array  of  pesticides  of  different  chemical  and  physical  makeup  makes  gen- 
eralization difficult,  even  within  classes  of  similar  materials.     The  concept 
of  environmental  exposure  indices  was  developed  to  help  reduce  this  complexity 
to  a  common  measure  which  can  be  computed  for  pesticide  regimens  and  used  for 
comparison  between  them.     Indices  by  Weber  combine  such  characteristics  as  tox- 
icity, soil  persistence,  and  bioaccumulation  ratios  into  a  single  measure  (211) . 
Environmental  exposure  indices  are  easily  incorporated  into  economic  models 
such  as  Alt's  linear  programming  model  (210) .     While  pesticide  characteristics 
are  included  in  the  indices,  inability  to  incorporate  specific  soil,  climate, 
and  es:pecially  tillage  practices  limits  their  usefulness. 

Movement  and  Fate  of  Pesticides 

Pesticides*  behavior  in  the  environment  is  under  intensive  laboratory  and 
field  examination.     These  studies  emphasize  discovery  of  the  mechanisms  by 
which  pesticides  are  dispersed  from  the  application  site,  the  rates  at  which 
pesticides  degrade  to  harmless  residues,  and  their  effects  on  organisms  between 
application  and  complete  degradation.     Pesticides  that  are  slow  to  degrade  and 
adhere  strongly  to  sediment  are  most  responsive  to  soil  conservation  practices. 

Some  studies  concentrate  on  the  transport  problem,  examining  dependencies 
between  dissolved  and  adsorbed  states  on  environmental  factors  such  as  tempera- 
ture and  moisture  (214,   215) .     An  approach  more  closely  related  to  economic 
studies  examines  the  effects  of  agricultural  practices,  especially  irrigation, 
on  pesticide  movement  in  the  soil  (221) . 

Other  studies  focus  on  transformations  of  pesticides  occurring  once  the 
material  leaves  the  land  surface.     Such  transformations  may  occur  in  surface 
water  or  in  the  ground  water  system  (223,  224) .     Studies  of  the  effect  of  pesti- 
cides on  the  environment,  particularly  on  aquatic  organisms,  carry  this  kind  of 
analysis  to  a  logical  conclusion.     Two  kinds  of  these  studies  can  be  differenti- 
ated by  methodology  employed.     First  are  continuous  flow  studies  in  which  organ- 
isms are  subjected  to  a  continuous  level  of  pesticides  and  the  effects  on  behav- 
ior and  bioaccumulation  are  noted  (217 ,  218) .     A  second  kind  of  study  uses  a 
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model  ecosystem  which  exposes  organisms  to  conditions  analogous  to  those  in 
nature  (219) .     This  method  is  more  useful  in  that  it  permits  incorporation  of 
typical  agricultural  conditions  and  analysis  of  the  effects  of  alternate  prac- 
tices (220) . 

A  more  complete  approach  follows  pesticides  from  application  through 
transport,  degradation,  and  bioaccumulation  (222) .     This  permits  viewing  the 
entire  process  in  a  unified  manner,  obviating  the  need  to  piece  together  sepa- 
rate research  conducted  under  'dissimilar  conditions.     Unfortunately,  little 
such  complete  approach  research  has  been  done,  particularly  regarding  the 
effects  of  specific  conservation  practices  such  as  no-till,  with  its  higher 
pesticide  use  and  reduction  in  pesticide  transport  by  erosion. 

Simulation  of  Pesticide  Movement 

Many  of  the  studies  discussing  pesticide  movement  incorporate  and  test 
mathematical  models  of  various  transport  mechanisms  (215,   221) .     Attempts  at 
consolidating  numerous  separate  relations  into  more  general  and  comprehensive 
models  of  pesticide  movement  and  transformation  for  simulation  via  digital 
computer  have  been  made  (225,   226,   227) .     While  achieving  varying  degrees  of 
generality  and  accuracy,  these  simulation  models  offer  a  potentially  important 
tool  to  examine  the  environmental  impacts  of  alternate  agricultural  practices. 

Issues  Unique  to  Lakes 

Perhaps  the  most  visible  pollution  problems  occur  in  lakes.     These  may  or 
may  not  involve  health  hazards  and  do  not  usually  lead  to  destruction  of  wild- 
life, but  they  can  affect  the  esthetic  enjoyment  and  usefulness  of  unique 
environmental  or  recreational  amenities.     Much  of  the  nutrient  and  sediment 
loss  from  agriculture  will  have  visible  effects  in  lakes.     These  take  the  form 
of  algae  blooms,  murky  or  shallow  water,  and  dense  weed  growth. 

The  frequency  of  such  problems,  however,  may  depend  as  much  on  the  nature 
of  the  receiving  body  of  water  as  on  the  magnitude  of  effluent  loads.  There- 
fore, efforts  to  control  lake  problems  need  to  consider  which  nutrient  is  lim- 
iting for  algae  growth  and  the  levels  which  local  lakes  are  capable  of  absorb- 
ing safely. 

Procedures  for  determining  whether  the  nitrogen  or  phosphorus  is  limiting 
(201,  244)  are  fairly    simple.     Usually  it  is  the  latter.     For  a  given  level  of 
nutrient  input,  warm,  shallow  lakes  with  slow  turnover  are  most  affected  by 
algae  growth.     Turbidity  or  murkiness  from  suspended  sediment  also  will  limit 
algae  growth. 

•Simple  models  of  lake  tropic  status  are  available  (237 ,  243) .  These 
models  are  useful  both  from  the  standpoint  of  assessing  the  potential  for 
success  of  phosphorus  and  nitrogen  reduction  programs  and  for  setting  meaning- 
ful water  quality  goals.     Fixed  standards  based  only  on  regional  concentration 
goals  might  again  lead  to  expensive  reductions  in  nutrient  losses  in  watersheds 
where  none  is  needed,  or  to  a  failure  to  provide  a  stricter  standard  where  it 
is  required  for  preventing  excessive  growth  of  weeds  and  algae. 
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Alternative  Measures  for  Lake  Problems 


Lake  destratif ication  techniques  and  use  of  chemicals  to  precipitate  out 
phosphate  ions  provide  short-term  solutions  to  algae  growth  from  nutrients, 
just  as  sediment  traps  and  dredging  can  alleviate  effects  of  sedimentation 
(250,  252) .     The  cost  and  obvious  side  effects  of  some  of  these  practices,  such 
as  noisy  disruptions  or  chemical  buildups,  probably  limit  their  consideration 
as  alternatives  to  pollution  reduction.     It  is  conceivable,  however,  that  fur- 
ther water  research  will  lead  to  structural  or  biological  alternatives  to  the 
more  stringent  nutrient  management  practices  on  farms o     Several  studies  of  this 
nature  are  referenced. 


Estuary  Problems 

The  immense  size  of  some  contributing  drainage  areas  creates  a  special 
set  of  concerns  for  estuaries.     The  problems  of  analyzing  delivery  systems  are 
therefore  particularly  relevant  to  locating  pollution  sources  for  estuaries. 
References  indicate  that  estuary  environments  present  their  own  unique  set  of 
problems  due  to  plant  growth  characteristics  (262)  and  to  effects  of  tidal 
currents  which  add  to  the  problems  of  locating  pollutant  sources  (261) . 


Bibliography 

Stream  Modeling  and  Pollutant  Delivery 

(187)  Akers,  C.  R. 

Sedimentation  of  a  Flatland  Watershed  in  Louisiana.  Proceedings  of  the 
Third  Federal  Inter-Agency  Sedimentation  Conf . ,  Denver,  Colo.,  pp.  1-74, 
1976. 

(188)  Bouldin,  D.  R. ,  A.  H.  Johnson,  and  D.  A.  Lauer. 

"Transport  in  Streams,"  Nitrogen  and  Phosphorus;  Food  Production,  Waste 
and  the  Environment.  Ed.  K.   S.  Porter.  Ann  Arbor:  Ann  Arbor  Science 
Inc.,  1975. 

(189)  Cahill,  T.  H. ,  P.   Imperato,  P.  K.  Nebel,  and  F.  H.  Verhoff. 

Phosphorus  Dynamics  and  Transport  in  the  Brandywine  Basin.  Technical 
Paper  No.   3.  Tri-County  Conservancy  of  the  Brandywine,  Inc.,  Chadds 
Ford,  Pa.,  January  1975. 

(190)  Cairns,  J.,  Jr.  and  K.  L.  Dickson. 

An  Ecosystematic  Study  of  the  South  River,  Virginia.  Water  Resources 
Res.  Center,  Virginia  Polytechnic  Institute  and  State  Univ.,  Blacksburg, 
1972. 


28 


(191)  Clark,  L.  J.,  V.  Guide,  and  T.  H.  Pheiffer. 

Suimnary  and  Conclusions;  Nutrient  Transport  and  Accountability  in  the 
Lower  Susquehanna  River  Basin.  U.S.  Environmental  Protection  Agency, 
Annapolis,  Md . ,  1974. 

(192)  Delfino,  J.  J.  and  D.  J.  Byrnes. 

The  Influence  of  Hydrological  Conditions  on  Dissolved  and  Suspended 
Constituents  in  the  Missouri  River.  Wisconsin  Univ. ,  Madison  Laboratory 
of  Hygiene,  1975. 

(193)  Hadley,  R.  F.  and  L.  M.  Shown. 

Relation  of  Erosion  to  Sediment  Yield.  Water  Resources  Division,  Geo- 
logical Survey,  Lakewood,  Colo.,  1975. 

(194)  Haith,  D.  A. 

"Land  Use  and  Water  Quality  in  New  York  Rivers,"  Journal  of  the  Envi- 
ronmental Engineering  Division.  ASCE,  Vol.  102 (EEl),  proceedings  paper 
11902,  pp.  1-15,  1975. 

(195)  Haney,  J.  T. 

"Phosphorus  in  New  York  State  Rivers:  Sources,  Sinks,  and  Detergents." 
Dept.  of  Chemistry,  State  Univ.  of  New  York  at  Binghamton,  1973. 

(196)  Hines,  W.  G. ,  D.  A.  Rickert,  S.  W.  McKenzie,  and  J.  P.  Bennett. 

Formulation  and  Use  of  Practical  Models  for  River-Quality  Assessment. 
River-Quality  Assessment  of  the  Willamette  River  Basin,  Oregon.  Geo- 
logical Survey  Circular  715-B,  1975. 

(197)  Kunishi,  H.  M. ,  A.  W.  Taylor,  W.  R.  Heald ,  W.  J.  Gburek,  and  R.  N.  Weaver 

"Phosphate  Movement  from  an  Agricultural  Watershed  During  Two  Rainfall 

Periods,"  Journal  of  Agriculture  and  Food  Chemistry.  Vol.  20:900-905, 
1974. 

(198)  McElroy,  A.  D. ,  F.  Y.  Chiu,  and  A.  Aleti. 

Analysis  of  Nonpoint-Source  Pollutants  in  the  Missouri  Basin  Region. 

Midwest  Res.  Institute,  Kansas  City,  Mo.,  U.S.  Environmental  Protection 
Agency,  Vol.  600/5-75-004,  March  1975. 

(199)  Moore,  B.  R. 

Hydraulic  and  Flow  Studies  Related  to  Sediment  Transport,  Kentucky 
River,  Kentucky.  Kentucky  Water  Resources  Institute,  Lexington,  1974. 

(200)  Pionke,  H. 

Report  to  the  Northeast  Regional  Section  208.  Interagency  Committee, 
State  College,  Pa.,  1977. 

(201)  Rickert,  S.  A.,  R.  R.  Petersen,  S.  W.  McKenzie,  W.  G.  Hines,  and  S.  A. 

Wille. 

Algal  Conditions  and  the  Potential  for  Future  Algal  Problems  in  the 
Willamette  River,  Oregon.  River-Quality  Assessment  of  the  Willamette 
River  Basin,  Oregon.  Geological  Survey  Circular  715-G,  1977. 


29 


(202)  Rosgen,  D.  L. 

The  Use  of  Color  Infrared  Photography  for  the  Determination  of  Sus- 
pended Sediment  Concentrations  and  Source  Areas.  Proceedings  of  the 
Third  Federal  Inter-Agency  Sedimentation  Conf.,  Denver, Colo . j  pp.  7-42, 
1976. 

(203)  Sayre,  W.  W. 

Dispersion  of  Mass  in  Open-Channel  Flow.  Colorado  State  Univ. ,  Fort 
Collins.  Hydrology  Papers,  No.  75,  August  1975.  - 

(204)  Southerland,  E.  V. 

Agricultural  and  Forest  Land  Runoff  in  Upper  South  River  Near  Waynes- 
boro, Virginia.  Virginia  Polytechnic  Institute  and  State  Univ.,  Blacks- 
burg.  Dept.  of  Environmental  Sciences  and  Engineering,  1974. 

(205)  Steele,  T.  D. ,  E.  J.  Gilroy,  and  R.  0.  Hawkinson. 

An  Assessment  of  Areal  and  Temporal  Variations  in  Streamflow  Quality 
Using  Selected  Data  from  the  National  Stream  Quality  Accounting  Net- 
work. Geological  Survey  open-file  report  74-217,  August  1974. 

(206)  U.S.  Environmental  Protection  Agency. 

Relationships  Between  Drainage  Area  Characteristics  and  Non-Point  Source 
Nutrients  in  Streams.  Pacific  Northwest  Environmental  Res.  Laboratory, 
Corvallis,  Ore.,  1976. 

(207)  Vannote,  R.  L.  and  R.  C.  Ball. 

Community  Productivity  and  Energy  Flow  in  an  Enriched  Warm-Water  Stream. 
Dept.  of  Fisheries  and  Wildlife,  Michigan  State  Univ.,  East  Lansing, 
1972. 

(208)  Wang,  W.  C. 

Effect  of  Turbidity  on  Algal  Growth.  Illinois  State  Water  Survey, 
Urbana,  1974. 

(209)  Weiss,  C.  M. 

Long  Term  Trends  in  Water  Quality,  Lower  Haw  and  New  Hope  Rivers  -  1966- 
1973 .  Dept.  of  Environmental  Sciences  and  Engineering.  Univ.  of  North 
Carolina,  Chapel  Hill,  1974. 


Pesticide  Impacts  and  Environmental  Exposure  Indices 

(210)  Alt,  K.  R. 

Economic  Analysis  of  Field  Crop  Production,  Insecticide  Use,  and  Soil 
Erosion  in  a  Subbasin  of  the  Iowa  River.  Unpublished  Ph.D.  thesis,  Iowa 
State  Univ. ,  1976. 

(211)  Weber,  J.  B. 

"The  Pesticide  Scorecard,"  Environmental  Science  and  Technology.  Vol. 
11(8),  1977. 


30 


Movement  and  Fate  of  Pesticides 


(212)  Crawford,  N.  H.  and  A.  S.  Donigian,  Jr. 

Pesticide  Transport  and  Runoff  Model  for  Agricultural  Lands.  U.S.  En- 
vironmental Protection  Agency,  Vol.   660/2-74-013,  December  1973. 

(213)  Davidson,  J.  M. ,  G.  H.  Brusewitz,  D.  R.  Baker,  and  A.  L.  Wood. 

Use  of  Soil  Parameters  for  Describing  Pesticide  Movement  Through  Soils. 
U.S.  Environmental  Protection  Agency,  Vol.   660/2-75-009,  May  1975. 

(214)  Huang,  J.  C. 

Water-Sediment  Distribution  of  Chlorinated  Hydrocarbon  Pesticides  in 
Various  Environmental  Conditions.  Proceedings  of  the  International 
Conf .  on  Transport  of  Persistent  Chemicals  in  Aquatic  Ecosystems,  pp. 
11-30,  May  1974. 

(215)  Johnson,  H.  P.   and  J.  L.  Baker. 

Movement  of  Herbicides  in  Soil  by  Mass  Flow.  Available  from  National 
Technical  Information  Service,  PB  248-455,  Springfield,  Va. ,  June  1975. 

(216)  Leonard,  R.  A.,  G.  W.  Bailey,  and  R.  R.  Swank,  Jr. 

"Transport,  Detoxification,  Fate,  and  Effects  of  Pesticides  in  Soil 
and  Water  Environments,"  Land  Application  of  Waste  Materials.  Soil  Con- 
servation Society  of  America,  Akeny,  Iowa,  197  6. 

(217)  Macek,  K.  J.,  M.  E.  Barrows,  R.  F.  Frasny,  and  B.  H.  Sleight. 

Bioconcentration  of  14C-Pesticides  by  Bluegill  Sunfish  During  Continu- 
ous Aqueous  Exposure.  International  Joint  Commission  Symposium  on 
Structure  Activity  Correlations  in  Studies  of  Toxicity  and  Bioconcen- 
tration with  Aquatic  Organisms,  Burlington,  Ont . :  Canada  Center  for 
Inland  Waters,  pp.  119-142,  1975. 

(218)  Mayer,  F.  L.,  Jr.,  P.  M.  Mehrle,  Jr.,  and  W.  P.  Dwyer. 

Toxaphene  Effects  on  Reproduction,  Growth,  and  Mortality  of  Brook  Trout 
Available  from  National  Technical  Information  Service,  PB-249-303, 
Springfield,  Va. ,  1975. 

(219)  Metcalf,  R.  L.  and  J.  R.  Sanborn. 

"Pesticides  and  Environmental  Quality  in  Illinois,"  Illinois  Natural 
History  Survey  Bulletin.  Vol.  31 (9) : 381-436 ,  1975. 

(220)  Sanborn,  J.  R. 

The  Fate  of  Select  Pesticides  in  the  Aquatic  Environment.  U.S.  Environ- 
mental Protection  Agency,  Vol.  660/3-74-025,  December  1974. 

(221)  Selim,  H.  M. ,  R.  S.  Mansell,  and  A.  Elzeftawy. 

"Distributions  of  2,4D  and  Water  in  Soil  During  Infiltration  and  Redis- 
tribution," SodJ^Science.  Vol.  121(3) :176-183,  1976. 


31 


(222)  Simsiman,  G.  V.,  G.  Chesters,  and  T.  C.  Daniel. 

"Diquat  and  Endothall:  Their  Fates  in  the  Environment,"  Residue  Re- 
views. Vol.  62:131-174,  1976. 

(223)  Weidner,  C.  W. 

Degradation  in  Groundwater  and  Mobility  of  Herbicides.  Available  from 
National  Technical  Information  Service,  PB-239-242,  Springfield,  Va.,  C 
June  1974. 

(224)  Wolfe,  N.  L. ,  R.  G.  Zepp ,  G.  L.  Baughman,  R.  C.  Fincher,  and  J.  A. 

Gordon. 

Chemical  and  Photochemical  Transformation  of  Selected  Pesticides  in 
Aquatic  Systems.  U.S.  Environmental  Protection  Agency,  Vol.  600/3-76- 
067,  September  1976. 


Simulation  of  Pesticide  Movement 

(225)  Adams,  R.  T.   and  F.  M.  Kurisu. 

Simulation  of  Pesticide  Movement  on  Small  Agricultural  Watersheds.  U.S. 
Environmental  Protection  Agency,  Vol.  600/3-76-066,  Ecological  Res. 
Series,  September  1976. 

(226)  Bruce,  R.  R. 

"A  Model  for  Runoff  of  Pesticides  from  Small  Upland  Watersheds,"  Jour- 
nal of  Environmental  Quality.  Vol.  4 (4)  :541-548 ,  1975. 

(227)  Crawford,  N.  H.  and  A.   S.  Donigian,  Jr. 

Pesticide  Transport  and  Runoff  Model  for  Agricultural  Lands.  U.S.  En- 
vironmental Protection  Agency,  Vol.  660/2-74-013,  December  1973. 


Issues  Unique  to  Lakes 

(228)  American  Water  Works  Association. 

"Water-Supply  Reservoirs:  How  Much  Storage  Space  Remains?"  Journal  of 
the  American  Water  Works  Association.  Vol.  67(12)  :674-678,  1975. 

(229)  Anderson,  D.  R. 

"Water  Quality  Modeling  of  Deep  Reservoirs,"  Journal  of  the  Water  Pol- 
lution Control  Federation.  Vol.  48(1) :134-146 ,  1976. 

(230)  Arce,  R.  G.  and  C.  E.  Boyd. 

"Effects  of  Agricultural  Limestone  on  Water  Chemistry,  Phytoplankton 
Productivity,  and  Fish  Production  in  Soft  Water  Ponds,"  Trans -American 
Fishery  Society.  Vol.  2:308-312,  1975. 

(231)  Cheetham,  R.  N. ,  Jr.  and  R.  F.  Wilke. 

Sedimentation  in  Birch  Lake,  Iowa  County,  Wisconsin.  Proceedings  of 
the  Third  Federal  Inter-Agency  Sedimentation  Conf.,  Denver,  Colo.,  pp. 
(1)110-(1)122,  March  1976. 


32 


(232)  Churchill,  C.  L.,  C.  K.  Brashier,  and  C.  S.  Johnson. 

Silt  Removal  from  a  Lake  Bottom.  Available  from  National  Technical 
Information  Service,  PB-241-250,  Springfield,  Va. ,  February  1975. 

(233)  Fan,  S.  S. 

The  Role  of  Sediment  Problems  in  Hydroelectric  Development.  Proceedings 
of  the  Third  Federal  Inter- Agency  Sedimentation  Conf.,  pp.  4-149  - 
4-161,  1976. 

(234)  Finnemore,  E.  J.  and  J.  L.  Shepherd. 

Spokane  River  Basin  Model  Project:  Volume  1  -  Final  Report.  Air  and 
Water  Programs  Division,  October  1974. 

(235)  Gorham,  E. 

"Some  Relationships  Between  Algal  Standing  Crop,  Water  Chemistry,  and 
Sediment  Chemistry  in  the  English  Lakes,"  Limnology  and  Oceanography. 
Vol.  19(4):601-617,  1974. 

(236)  Hartke,  E.  J.  and  J.  R.  Hill. 

Sedimentation  in  Lake  Lemon,  Monroe  County,  Indiana.  Indiana  Geological 
Survey,  1974. 

v237)  Larsen,  D.  P.  and  H.  T.  Mercier. 

Lake  Phosphorus  Loading  Graphs:  An  Alternative.  Available  from  National 
Technical  Information  Service,  PB-243-869,  Springfield,  Va. ,  July  1975. 

(238)  Li,  W.  C,  D.  E.  Armstrong,  and  R.  F.  Harris. 

Biological  Availability  of  Sediment  Phosphorus  to  Macrophytes.  Availa- 
ble from  National  Technical  Inf onr.ation  Service,  PB-239-269,  Spring- 
field, Va. ,  1974. 

(239)  Miller,  W.  E.,  T.  E.  Maloney,  and  J.  C.  Greene. 

"Algal  Productivity  in  49  Lake  Waters  as  Determined  by  Algal  Assays," 
Water  Research.  Vol.  8:667-679,  1974. 

(240)  Schieve,  F.  R. ,  J.  C.  Ritchie,  and  J.  R.  McHenry. 

Suspended  Sediment,  Solar  Radiation  and  Heat  in  Agricultural  Reservoirs. 
Proceedings  of  the  Third  Federal  Inter-Agency  Sedimentation  Conf., 
Denver,  Colo.,  pp.   (3)1-(3)12,  March  1976. 

(241)  Shannon,  E.  E.  and  P.  L.  Brezonik. 

"Relationships  Between  Lake  Trophic  State  and  Nitrogen  Phosphorus  Load- 
ing Rates,"  Environmental  Science  and  Technology.  Vol.  6(8) : 719-725, 
1972. 

(242)  Sievert,  A.  C. 

"The  Effects  of  Agricultural  Run-off  and  Siltation  on  a  New  Recreational 
Lake,"  Transactions  of  the  Illinois  Academy  of  Science.  Vol.  68(4): 
369-380,  1975. 

(243)  Snodgrass,  W.  J.,  and  C.  R.  O'Melia. 

"Predictive  Model  for  Phosphorus  in  Lakes,"  Environmental  Science  and 
Technology.  Vol.  9(10) : 937-944,  1975. 


33 


(244)  Stuinm,  W.  and  J.  J.  Morgan. 

Aquatic  Chemistry,  New  York:  Wiley  Interscience ,  1970. 

(245)  Tapp,  John  S. 

Comparison  of  Eutrophication  Models.  Mimeo,  U.S.  Environmental  Pro- 
tection Agency,  Technical  Support  Branch,  Atlanta,  1978. 

(246)  U.S.  Environmental  Protection  Agency. 

A  Compendium  of  Lake  and  Reservoir  Data  Collected  by  the  National 
Eutrophication  Survey  in  the  Northeast  and  Northcentral  United  States 
Pacific  Northwest  Environmental  Research  Laboratory.  Available  from 
National  Technical  Information  Service,  PB-248-894,  Springfield,  Va. , 
November  1975. 

(247) 


National  Eutrophication  Survey  Methods  for  Lakes  Sampled  in  1972. 
Pacific  Northwest  Environmental  Research  Laboratory.  Available  from 
National  Technical  Information  Service,  PB-240-936,  Springfield,  Va. 
October  1974. 

(248)  Williams,  J.  D.  H. ,  T.  P.  Murphy,  and  T.  Mayer. 

"Rates  of  Accumulation  of  Phosphorus  Forms  in  Lake  Erie  Sediments," 
Journal  of  the  Fishery  Research  Board.  Vol.   33(3) :430-439,  1976. 


Alternative  Measures  for  Lake  Problems 

(249)  Eisenreich,  S.  J.,  D.  E.  Armstrong,  and  R.  F.  Harris. 

A  Chemical  Investigation  of  Phosphorus  Removal  in  Lakes  by  Aluminum 
Hydroxide.  Water  Chemistry  Laboratory,  Wisconsin  Univ.,  Madison,  1977. 

(250)  Carton,  J.  E.  and  C.  E.  Rice. 

Improving  the  Quality  of  Water  Releases  from  Reservoirs  by  Means  of  a 
Large  Diameter  Pump.  Dept.  of  Agr.  Engineering,  Oklahoma  State  Univ., 
Stillwater,  1976. 

(251)  Keating,  K.  E. 

Algal  Metabolite  Influence  on  Bloom  Sequence  in  Eutrophied  Freshwater 
Ponds.  Haskins  Laboratories,  Inc.,  U.S.  Environmental  Protection  Agency, 
Vol.   600/3-76-081,  New  Haven,  Conn.,  1976. 

(252)  Lorenzen,  M.  W.  and  R.  Mitchell. 

"An  Evaluation  of  Artificial  Destratif icat ion  for  Control  of  Algal 
Blooms,"  Journal  of  the  American  Water  Works  Association.  Vol.  67(7): 
373-376,  1975. 

(253)  Peterka,  J.  J.  and  J.  W.  Held. 

Causes  and  Control  of  Algal  Blooms  in  Spirtwood  Lake,  North  Dakota. 
Dept.  of  Zoology,  North  Dakota  State  Univ.,  Fargo,  1972. 

(254)  Sanville,  W.  D. ,  A.  R.  Gahler,  J.  A.   Searcy,  and  C.  F.  Powers. 

Studies  on  Lake  Restoration  by  Phosphorus  Inactivation.  Corvallis 
Environmental  Res.  Laboratory,  Oregon,  1976. 


34 


(255)  Toetz,  D.  W. 

Biological  and  Water  Quality  Effects  of  Artificial  Destratif ication  of 
Lake  of  the  Arbuckles.  School  of  Biological  Sciences,  Oklahoma  State 
Univ.,  Stillwater,  1975. 

(256)  Wolverton,  D.  C.  and  R.  C.  McDonald. 

Water  Hyacinths  and  Alligator  Weeds  for  Removal  of  Lead  and  Mercury 
from  Polluted  Waters.  National  Space  Technology  Laboratories,  St. 
Louis,  Mo. ,  1975. 


Estuary  Problems 

(257)  Brokaw,  R.  and  G.  F.  Oertel. 

"Suspended  Sediment  Data  from  Nearshore  Waters  of  Georgia,"  Technical 
Report  Series  No.  76-3.  1976. 

(258)  Conover,  S.  A.  M. 

"Nitrogen  Utilization  During  Spring  Blooms  of  Marine  Phytoplankton  in 
Bedford  Basin,  Nova  Scotia,  Canada,"  Marine  Biology.  Vol.  32(3),  1975. 

(259)  Faust,  M.  A. 

"Coliform  Bacteria  from  Diffuse  Sources  as  a  Factor  in  Estuarine  Pollu- 
tion, "  Water_Research.  Vol.  10(7) :619-627,  1976. 

(260)  Hester,  J.  M.  and  B.  J.  Copeland. 

Nekton  Population  Dynamics  in  the  Albemarle  Sound  and  Neuse  River  Es- 
tuaries .  Available  from  National  Technical  Information  Service,  COM- 
75-10480,  Springfield,  Va.,  January  1975. 

(261)  O'Connor,  D.  J.,  R.  V.  Tomann,  and  D.  M.  DiToro. 

Dynamic  Water  Quality  Forecasting  and  Management.  U.S.  Environmental 
Protection  Agency,  Vol.  660/3-73-009,  1973. 

(262)  Prakash,  A. 

"Land  Drainage  as  a  Factor  in  'Red  Tide'  Development,"  Environmental 
Letters.  Vol.  9(2) :121-128 ,  1975. 


BENEFITS  OF  WATER  QUALITY  IMPROVEIIENT 

Evaluation  of  benefits  of  water  quality  improvement  tends  to  be  highly 
subjective.     Information  about  public  perceptions  of  nonpoint  problems  is 
therefore  very  relevant  when  measuring  economic  and  environmental  tradeoffs. 


Discussion 

If  a  pesticide  is  causing  health  problems,  technical  measurement  of  safe 
levels  can  serve  as  criteria  for  goal  attainment.     Loss  of  reservoir  capacity 
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can  be  converted  to  dollar  values  for  cost-benefit  comparisons.     But  where  per- 
iodic green  algae  or  odors  or  heavy  siltation  from  agriculture  visibly  pollute 
an  area,  it  is  not  clear  which  problem  merits  the  most  intensive  investment. 

Studies  of  public  perceptions  have  sometimes  concentrated  on  overall 
interest  in  water  quality  versus  other  goals  (268,  269)  ,  rather  than  weighing 
public  preferences  between  alternative  goals  for  local  water  quality  improve- 
ments. 

Presumably,  measurement  of  perceived  benefits  from  attaining  alternative 
goals  could  focus  nonpoint  planning  on  investments  in  controls  which  yield  the 
highest  amenity  benefits.     For  instance,   if  a  midwestern  State  was  primarily 
concerned  about  algae  problems  for  scarce  lake  resources,  then  nutrient  loads 
from  streams  entering  the  Missouri  River  might  receive  less  attention.     In  the 
absence  of  good  studies  of  public  perceptions,  arbitrary  technical  standards 
will  probably  serve  as  goals.     Bruce  Ackerman  and  associates  have  demonstrated 
that  this  can  occur  under  the  most  technologically  competent  planning  efforts 
(263). 


Dornbusch  and  Barranger  measure  benefits  of  pollution  control  as  reflected 
in  property  values  (272) .     Walsh  and  associates  study  water  quality  benefits 
for  recreation  (285). 


Planning  studies  also  provide  insights  into  public  perceptions,  either 
directly  if  they  undertake  attitude  surveys,  or  through  study  inputs  from 
elected  officials  and  interest  group  leaders.     Although  only  limited  informa- 
tion of  this  type  is  available  (280) ,  studies  funded  under  Section  208  of  the 
Pollution  Control  Act  are  expected  to  be  an  important  future  source  of  informa- 
tion.    Studies  of  State  legislative  and  executive  agency  involvement  in  water 
quality  planning  also  provide  indirect  knowledge  of  public  concerns  by  showing 
how  ongoing  programs  are  related  to  the  new  emphasis  on  water  quality  (274 , 
284) .     Planning  relationships  with  ongoing  Federal  conservation  programs  are 
also  relevant  (278,  281,  282) . 
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